Design, Modeling and Analysis of a Sharp-edge Hypersonic Stealthy Re-entry Vehicle  by Liu, Guofu et al.
 Procedia Engineering  99 ( 2015 )  163 – 167 
Available online at www.sciencedirect.com
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA)
doi: 10.1016/j.proeng.2014.12.521 
ScienceDirect
“APISAT2014”, 2014 Asia-Pacific International Symposium on Aerospace Technology, 
APISAT2014 
Design, Modeling and Analysis of a Sharp-Edge Hypersonic 
Stealthy Re-entry Vehicle 
Guofu Liu, Daochun Li,  Jinwu Xiang*,  Wenli Luo  
School of Aeronautic Science and Engineering, Beijing University of Areonautics and Astronautics, Xueyuan Road No.37, Haidian District, 
Beijing 100191, China  
Abstract 
In 2005 and in 2012, the SHarp Edge Flight EXperiment SHEFEX I and SHEFEX II of DLR have been established. Low lift-to-
drag ratio of them limits active control ability. This paper studies on a sharp-edge stealthy re-entry vehicle with high lift-to-drag 
ratio. The focus will be laid upon designing and modeling of a sharp-edge stealthy re-entry vehicle by analyzing of lift-to-drag 
ratio and center of gravity, and also upon stealth performance researches. All aerodynamic performance analysis are based on 
Modified Newtonian Theory, it’s proved to be more precise for a sharp-edge hypersonic re-entry vehicle relative to the Piston 
Theory and Shock-Expansion Method. A procedure based on physical optics and method of equivalent currents for radar cross 
section calculation. As result, the configuration and the center of gravity are determined, and a good stealth performance is 
demonstrated. 
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Nomenclature 
L/D  lift-to-drag ratio   
CoG  center of gravity  
RCS  radar cross section  
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AoA angle of attack 
1.Introduction 
In 2005, the SHarp Edge Flight EXperiment SHEFEX I of DLR has been established to demonstrate the 
feasibility of space vehicles with facetted Thermal Protection System (TPS) by keeping or improving aerodynamic 
properties. In 2012, SHEFEX II has been established, it focuses on hypersonic flight control using steerable canard 
fins and new TPS concepts. By comparing the results of these two experiments and the results of computer 
simulations, a lot of researches of sharp-edge re-entry vehicles have been made in aero thermo-dynamics[1-4], 
aerodynamics, flight dynamics[5-7], flight control, structure design[8,9], subsystem design[10-13]. 
Sharp-edge vehicles have a good aerodynamic performance, as well as good stealth performance because of its 
faceted shape. The SHEFEX is designed for researches and experiments of basic science and components. What’s 
more, sharp-edge vehicles may provide the key technologies of microgravity experiment vehicles, high speed global 
passenger transport, space passenger transport, and also some military applications. Thus, it’s valuable for researches. 
This paper includes 3 parts. Firstly, we analyze the maximum L/D evolution with shape changing of a sharp-edge re-
entry vehicle based on REX-203, whose external shape was developed by the Institute of Aerodynamics and Flow 
Technology[14]. The calculation of L/D is based on modified Newtonian theory, which has been demonstrated 
reliable for this vehicle by author’s another paper[15], Part two is the analysis of aerodynamic properties with trims 
to find the CoG. Lastly, the stealth performance is investigated with a RCS calculation procedure based on physical 
optics and method of equivalent currents.  
2.Shape determination and modeling 
Modified Newtonian Theory is used to calculate the maximum L/D and analyze trimming performance. Modified 
Newtonian theory is demonstrated by author’s another paper[15], it’s proved to be more precise for a sharp-edge 
hypersonic re-entry vehicle relative to the Piston Theory and  Shock-Expansion Method. 
Table 1 gives the overall dimensions of the REX configuration. This vehicle body is composed by 3 parts: head, 
middle and aft. In this section, the lengths of these 3 parts will be changed to find the maximum L/D evolution, but 
the overall length is constant. 
 
               Fig. 1. REX-203 geometry.                                             Fig. 2. Maximum L/D with configuration changing. 
Figure. 2 shows the curve of maximum L/D changing with middle length. The maximum value of 2.05 is 
achieved for a middle part length of 0.22m, and the value about 2 is achieved for middle length from 0.1m to 0.7 m. 
A high L/D will be chosen for the major part of the re-entry flight to achieve maximum downrange and cross range. 
The maximum L/D decreases rapidly with the growing of middle part from 0.7m. 
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Table 1. Dimensions of REX-203 
Dimensions Value (m) 
Overall length without flaps 1.68 
Maximum width 1.11 
Maximum height 0.525 
Flap length 0.27 
Flap width 0.485 
Fig. 3. Vehicle Internal Accommodation. 
Despite L/D, it also exists others principles to determine the shape, includes: 
x low geometric complexity for keeping construction effort low 
x low overall mass 
x large inner volume enough to payload 
x trim capability 
x small flap angle 
x aerodynamic stability 
For these principles and the form of payload, the shape is determined for a middle length of 0.7m. For vehicle 
modeling, we relied on a commercial software CATIA. The global mass for this vehicle is estimated to 469.6kg and 
the longitudinal CoG during re-entry is currently located at 64% of the length of the vehicle. 
3.Aerodynamic analysis 
Figure. 4 shows evolution of flap angles for trimming at different CoG positions. The maximum of L/D is 
achieved for an AOA 14.54噛, this AoA will be chosen for major part of re-entry flight. And also at the beginning 
of re-entry flight, the vehicle is at AoA 52.23噛 of maximum lift[15].  A negative flap angle will decrease the 
control ability, so we chose the CoG position where the flap angle is positive.  So the best CoG position is located at 
63% to 65% of length of the vehicle. As the result of modeling in section 1, CoG is located 64%of length, which 
prove the position of CoG of model is reasonable. The corresponding body flap angle is   10.24噛and 1.59噛. 
              
Fig. 4. Flap angle for trimming at different CoG positions.         Fig. 5. Pitch coefficient for body flap angle ¨ = 10.24噛and 
1.59噛for trimming at AoA = 14.54噛and 52.23噛 
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4.Stealth performance analysis 
RCS calculation is accomplished with a procedure based on physical optics and method of equivalent currents. 
Before being application, it is tested on the NASA RCS benchmark of cone-sphere to demonstrate its capability. 
Figure. 6 shows the cone-sphere, the height of the cone is 605mm and the radius of sphere is 75mm. The frequency 
of incident wave is 9GHZ. Figure. 7 shows the comparison of the result obtained by this procedure and the 
benchmark. The good precision permits us to use it in the sharp-edge vehicle. 
 
                       Fig. 6. NASA RCS Benchmark of Cone-sphere .                         Fig. 7. Result of the test by NASA RCS benchmark of cone-sphere. 
Figure. 8 shows the stealth performance of this vehicle in different conditions. Between angle of f45Ϩin front of 
the vehicle, the RCS is less than -10dBsm (0.1m2), which means the vehicle has a good stealth performance. 
 
 
Fig. 8. RCS of the vehicle in different incident waves (a) 1GHZ (b) 5GHZ (c) 10GHZ. 
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5.Conclusion 
In this paper we first modeled the configuration of a sharp-edge stealthy re-entry vehicle. The parameters of 
model are : 1.68 meter long, 1.11 meter wide, 0.525 meter high, 0.27 meter flap long, 470 kg total mass (include 
payload). The CoG is located at 64% of the length of the vehicle, which leads to a L/D above 2. The influence of 
flap angle by the CoG position is studied, and the best position obtained is from 63% to 65% long of total. Analysis 
of aerodynamic stability shows that this re-entry vehicle has stability during re-entry phase. At last, we investigate 
the stealth performance with a RCS calculation procedure based on physical optics and method of equivalent 
currents, they is tested by the NASA RCS Benchmark of cone-sphere. By comparing with F117, this re-entry 
vehicle has a good stealth performance (RCS < -10 dBm2). 
References 
[1] Böhrk H, Dittert C, Tiele T, et al. Thermal testing of the sharp leading edge of SHEFEX-II[C]. 18th AIAA/3AF International Space Planes 
and Hypersonic Systems and Technologies Conference. 2012.  
[2] Barth T, Longo J. Advanced aerothermo-dynamic analysis of SHEFEX I[J]. Aerospace Science and Technology. 2010, 14(8): 587 -593. 
[3] Barth T. Aerothermodynamic analysis to SHEFEX I[J]. Engineering Applications of Computational Fluid Mechanics. 2007, 1(1): 76-84. 
[4] Eggers T, Stamminger A, Hörschgen M, et al. The hypersonic experiment SHEFEX aerothermodynamic layout, vehicle development and first 
flight results[C]. Proceedings of 6th International Symposium on Launcher Technologies ‘Flight Environment Control for Future and 
Operational Launchers’.2005. 
[5] Dietlein I, Kopp A. System analysis for “sharp-edge” re-entry vehicles[C]. AIAA 2009-7427. 
[6] Eggers T, Barth T. Aerodynamic analysis of the dlr flight experiment SHEFEX[J]. AIAA 2006-8027. 
[7] Calvo J B, Eggers T. Application of a coupling of aerodynamics and flight dynamics to the SHEFEX I flight experiment[J]. AIAA 2011-2323. 
[8] Lorenz S, Bierig A. Robustness Analysis Related to the Control Design of the SHEFEX-II Hypersonic Canard Control Experiment[J]. AIAA 
2013-4857. 
[9] Weihs H, Reimer T, Laux T. Mechanical architecture and status of the flight unit of the sharp edge flight experiment SHEFEX[C]. 55th 
International Astronautical Congress. 2004. 
[10] Theil S, Schlotterer M, Hallmann M, et al. Hybrid navigation system for the SHEFEX-2 mission[C]. AIAA 2008-6991. 
[11] Neumann N, Samaan M, Conradt M, et al. Attitude determination for the SHEFEX 2 mission using a low cost star tracker[C]. AIAA 2009-
6279. 
[12] Preci A, Herdrich G, Auweter-Kurtz M. The combined sensor system COMPARE for SHEFEX II[J]. AIAA 2009-7264. 
[13] Preci A, Herdrich G, Fasoulas S, et al. Assembly, integration and test of the sensor system COMPARE for SHEFEX II[J]. AIAA 2011-3780. 
[14] Barth, T. Aerothermodynamische voruntersuchung der REX-Free flyer konfiguration.  Internal Report, DLR Institut für Aerodynamik und 
Strömungstechnik, September 2009 
[15]Liu G, Li D, Xiang J, et al. Aerodynamic calculation of a stealthy hypersonic re-entry vehicle[C]. 8th National Conference on fluid 
mechanics of China.2014. 
